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The most general supersymmetric seesaw mechanism has too many parameters to be predictive and thus can not 
be excluded by any measurements of lepton flavour violating (LFV) processes. We focus on the simplest version of 
the type-I seesaw mechanism assuming minimal supergravity (mSugra) boundary conditions. We compute branching 
' ratios for the LFV scalar tau decays, T2 — > (e,^) + Xii ^ well as loop-induced LFV decays at low energy, such 

, as Zi — > Ij + 7 and li — > 3ij, exploring their sensitivity to the unknown seesaw parameters. We find some simple, 

' extreme scenarios for the unknown right-handed parameters, where ratios of LFV branching ratios correlate with 

neutrino oscillation parameters. If the overall mass scale of the left neutrinos and the value of the reactor angle were 
known, the study of LFV allows, in principle, to extract information about the so far unknown right-handed neutrino 
C'~'3 ' parameters. 

Oh 1. introduction 

I ■ 

O \ Neutrino experiments 1] have firmly established that neutrinos are massive and global fits to all neutrino oscillation 
1 ' data Q give precise values for the neutrino mass splittings and their mixing angles. The evidence of massive neutrinos 
provides the first experimental signal of physics beyond the Standard Model, being the so-called seesaw mechanism [3] 
^ , the most popular mechanism to generate Majorana neutrino masses. 

' In this work Q we study the correlation with neutrino parameters of the ratio of LFV decays of the stau, assuming 
' mSugra boundary conditions and the simplest type-I seesaw mechanism as the origin of neutrino masses and mixings. 
In this theoretical framework, left-slepton LFV decays are proportional to the square of the off-diagonal elements of 
the slepton mass matrix, due to the renormalization group equation (RGE) running of the soft breaking parameters. 

00 

O 2. ANALYSIS 

> 

For qualitative understanding, we consider the leading-log approximated solutions to the RGB's. The left-slepton 
;J] ' LFV decays are then proportional to 

Br([, ^ Z.x?) (X |(AM|)yf a \{Y}LY,),,\^ . (1) 

We can parametrize the neutrino Yukawa matrix as 

Y, = V2 — J^Ry/^U^ , (2) 
vu 

where rh^ and Mji are the diagonal matrices with the light neutrino mass eigenvalues rrii and the heavy neutrino 
mass eigenvalues Mi, respectively; U is the leptonic mixing matrix and i? is a complex orthogonal matrix. This way, 
the left-slepton LFV decays are correlated to neutrino parameters 

2 



X 



Br(/, ^ IjXi) « 
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(3) 
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In order to eliminate most of the dependence on the supersymmetric parameters, we work with ratios of LFV decays. 
Thus, for example, the ratio of stau LFV decays can be expressed in terms of the parameter rjf, 

Br(f2^e + x;) ^ l(AM|)i3p ^ ^3 2 

which only depends on neutrino parameters. 

In the case of degenerate right-handed neutrinos and assuming R being real and tribimaximal (TBM) mixing 



_13 _ 2(m2 - mi) 

|3m3 — 2to2 — mil 



Table [J shows the form of Eq. ([5|) and its numerical values, for different neutrino scenarios. For the case S13 ^ 0, 



Table I: Parameter for the case of degenerate right-handed neutrinos, assuming R being real and TBM mixing. Each column 
corresponds to a different neutrino scenario: strict normal hierarchical (SNH), strict inverse hierarchical (SIH), quasidegenerete 
normal hierarchical (QDNH) and quasidegenerete inverse hierarchical (QDIH) neutrinos. First row shows the analytical form 
of the parameter rl^; second row (BFP) shows its value when fixing neutrino mass splittings to their best fit point value 
and third row shows its value when considering the 3(j allowed range for the neutrino mass-squared differences. Note that 
a = Arrig /\Am1\ is the ratio of the solar over the atmospheric mass splitting and (Ta = Am^/\Am1\ is the sign of the 
atmospheric mass splitting. 
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Fig. [T] shows the squared ratios as a function of sfg, for different neutrino scenarios and for two choices of the Dirac 
phase S. For strongly hierarchical right-handed neutrinos and assuming R being the identity, the parameter rjf does 
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Figure 1: Square ratios (rl^)^ (blue line, dotted line), {r23)^ (red line, dashed line) and (rli)'^ (green line, full line) versus S13 
for the case of degenerate heavy neutrinos, real R and the rest of the neutrino parameters fixed to their best fit point values. 
Each column correspond to a different neutrino scenario: SNH (first row), SIH (second row), QDNH (third row) and QDIH 
(forth row). Each row correspond to a different value of the Dirac phase: 5 = (first column) and 5 — tt (second column). 



not depend on the light neutrino masses any more, but on their mixing angles and Dirac phase. For the specific 
case in which S13 = 0, Table [TT] shows the analytical form of r23 and its numerical values, for different right-handed 
neutrino dominant mass scenarios. For the case of nonzero values of S13, Fig.[2]shows the squared ratios as a function 
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Table II: Parameter for the case of strongly hierarchical right-handed neutrinos, assuming R being the identity and S13 — 0. 
Each column corresponds to a different heavy neutrino scenario: if Mi is the heaviest mass eigenvalue (Dominant Mi), if A/2 
is the heaviest mass eigenvalue (Dominant M2) and if M3 is the heaviest mass eigenvalue (Dominant Afa). First row shows 
the analytical form of the parameter r^i; second row (BFP) shows its value when fixing neutrino mixing angles to their best 
fit point value and third row shows its value when considering the 3a allowed range for the neutrino mixing angles. 





Dominant Afi 


Dominant M2 


Dominant M3 


^13 _ C12 


„13 _ S12 


^23 = 


BFP 


{rlir = 4 


(r'if = I 


{rlir = 


3ct 


{rMf G [2.3, 8.6] 


{rlif e [0.53, 2.0] 


(r^r = 



of , for different right-handed neutrino dominant mass scenarios. Note that for the scenario of dominant M3, the 
parameter r^^ is proportional to S13. 
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Figure 2: Square ratios (rJI)^ (blue line, dotted line), (rls)^ (red line, dashed line) and (r^f)^ (green line, full line) versus S13 
for the case of strongly hierarchical heavy neutrinos, R being the identity and the rest of the neutrino parameters fixed to 
their best fit point values. First and second panel correspond to 5 = and 5 = tt, respectively, in the case of dominant Mi, 
while third and fourth panel correspond to 5 — and 5 — tt, respectively, in the case of dominant A^2. 



3. RESULTS 

In order to check the validity of our analytical estimated ratio of stau LFV decays, we have performed a numerical 
calculation of such LFV decays making use of the program package SPHENO 0] . More details can be found in Ref. 0] . 

For degenerate right-handed neutrinos, first panel in Fig. [3] shows the stau LFV decays as a function of the heavy 
neutrino common mass M^, for mSugra benchmark point SPS3 [sl, SNH (toi = 0) and TBM mixing. 

For strongly hierarchical right-handed neutrinos, the other panels in Fig. [3] show the stau LFV decays as a function 
of the heavy neutrino dominant mass, which is Mi in the second panel, M2 in the third panel and M3 in the fourth 
panel. Again, NH and TBM have been assumed. 

Note that the ratio of the stau LFV decays follows very accurately the analytical estimate in the region allowed 
by the upper limit on Br(/i —^ ej). 



4. CONCLUSION 

Neutrino experimental data show that neutrinos are massive and mix. If its origin is the simplest supersymmetric 
type-I seesaw mechanism and mSugra boundary conditions hold, then LFV decays are related to neutrino parameters. 
In particular, we have studied the relation of the ratio of the stau LFV decays with neutrino parameters for different 
neutrino scenarios. 
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Figure 3: Left-stau LFV decays as a function of the right-handed neutrino degenerate common mass Adji (first panel), of the 
dominant Mi (second panel), of the dominant M2 (third panel) and of the dominant M3 (fourth panel), for the SPS3 standard 
point, R being the identity, TBM mixing and SNH (except for the second panel, where mi — 0.1 eV). In the panels where one 
Mi is dominant, the other two heavy neutrino masses have been fixed to 10'° GeV. 



Acknowledgments 

The author wish to thank his collaborators M. Hirsch, W. Porod, J. C. Romao and J. W. F. Valle. The author 
is supported by Fundagao para a Ciencia e a Tecnologia under the grant SFRH/BPD/30450/2006. This work 
was partially supported by Fundagao para a Ciencia e a Tecnologia through the projects POCI/81919/2007 and 
CFTP-FCT UNIT 777, which are partially funded through POCTI (FEDER) and by the Marie Curie RTNs MRTN- 
CT-2006-035505 and MRTN-CT-2004-503369. It was also partially supported by Spanish grants FPA2005-01269 
and Accion Integrada HA-2007-0090 (MEC) and by the European Commission network MRTN-CT-2004-503369 and 
ILIAS/N6 RII3-CT-2004-506222. 

References 

[1] Y. Fukuda et al. [Super-Kamiokande Collaboration], Phys. Rev. Lett. 81, 1562 (1998) arXiv:hep-ex/9807003' . 
S. Abe et al. [KamLAND Collaboration], Phys. Rev. Lett. 100, 221803 (2008) arXiv:0801.4589 [hep-ex]]. 
C. Arpesella et al. [Borexino Collaboration], larXiv:0805.3843[ [astro- ph]. B. Aharmim et al. [SNO Collabora- 
tion], Phys. Rev. Lett. 101, 111301 (2008) jarXiv:0806.0989l [nucl-ex]] . P. Adamson et al. [MINOS Collaboration], 
'mXw:0806.2237 [hep-ex]. 

[2] M. Mahoni, T. Schwetz, M. A. Tortola and J. W. F. Valle, New J. Phys. 6, 122 (2004) [arXiv:hep-ph/0405 1 72| ; 
The arXiv version 6 provides results updated as of September 2007. T. Schwetz, M. Tortola and J. W. F. Valle, 
ra:rXiv:08083f)T6l [hep-ph]. 

[3] P. Minkowski, Phys. Lett. B 67, 421 (1977). M. Gell-Mann, P. Ramond and R. Slansky, in Supergravity, edited 
by P. van Niewenhuizen and D. Freedman (North Holland, Amsterdam, 1979). T. Yanagida, in Proceedings of the 
Workshop on the Baryon Number of the Universe and Unified Theories, edited by O. Sawada and A. Sugamoto 
(Tsukuba, Japan, 1979). R. N. Mohapatra and G. Senjanovic, Phys. Rev. Lett. 44, 912 (1980). J. Schechter and 
J. W. F. Valle, Phys. Rev. D 22, 2227 (1980). J. Schechter and J. W. F. Valle, Phys. Rev. D 25, 774 (1982). 

[4] M. Hirsch, J. W. F. Valle, W. Porod, J. C. Romao and A. Villanova del Moral, Phys. Rev. D 78, 013006 (2008) 
[arXiv:0804.4072l [hep-ph]]. 

[5] P. F. Harrison, D. H. Perkins and W. G. Scott, Phys. Lett. B 530, 167 (2002) |arXiv:hep-ph/0202074| . 
[6] J. A. Casas and A. Ibarra, Nucl. Phys. B 618, 171 (2001) arXh^ep-ph/010306^. 
[7] W. Porod, Comput. Phys. Commun. 153, 275 (2003) arXiv:hep-ph/0301101 . 

[8] B. C. AUanach et al., Eur. Phys. J. C 25, 113 (2002) arXiv:hep-ph/0202233] . J. A. Aguilar-Saavedra et al, Eur. 
Phys. J. C46, 43 (2006) [arXiv:hep-ph/0511344| . 



4 



